TO THE EDITOR
Polycythaemia vera (PV) is a clonal haematological neoplasm characterised by excessive proliferation of the erythroid lineage. A number of recurring chromosomal abnormalities are seen in PV, including in order of frequency del(20q), +8, +9, del(7), del (5) , and del(13q) as well as trisomy 1q. The del(20)(q?) is the most common and can be seen in approximately 10-15% of PV cases at diagnosis. The common deleted region (CDR) on 20q in myeloproliferative disorders (MPD) is well characterised and has been refined to a 2.7 Mb region spanning from D20S108 to D20S481.
1 Over 75% of the PV patients have no detectable chromosome abnormalities. A normal karyotype by G-banding analysis does not exclude occult rearrangements. This has been exemplified in cases of mental retardation 2 and acute leukaemia 3 where FISH and/or colour karyotyping identified submicroscopic rearrangements in cells with normal conventional karyotype. We have previously used microsatellite PCR to screen DNA from PV patients with a normal karyotype, and did not reveal any submicroscopic deletions. 4 These data indicated that the presence of genetically abnormal cell clone(s) within the bone marrow (BM) population, which were missed by the chromosome analysis, is highly improbable. Therefore, detection of a small deletion would greatly facilitate the identification of a potential target gene within the CDR. A range of FISH methods were used to study chromosome preparations of BM samples from 14 PV patients with apparently normal karyotype by G banding. All samples were obtained at the time of the diagnosis, which met the criteria of PV 5 and prior to any treatment.
Screening for cryptic rearrangements by FISH mapping
Possible candidate genes in the 20q CDR have been identified and prioritised according to their expression in CD34-positive cells. 3 For this study, PACS were selected to contain sequences from one or more of the potential candidate genes. The selection was therefore biased to gene-rich areas in the chromosome light bands on 20q. In all, 12 PACS, which spanned the MPD CDR on 20q11.2/q13.1, were hybridised to BM chromosomes preparations in pools of three probes labelled in three colours ( Figure 1a 
M-FISH and bands-specific painting analysis
Colour karyotyping was conducted on BM chromosome suspensions from three PV patients. In each case, 30 cells were captured and analysed to increase the chances of identifying an aberrant clone present at a low level. No cryptic structural chromosome rearrangements were detected in any of the metaphase cells even when highresolution mitotic figures were analysed (Figure 1c and d) . Simultaneous hybridisation of a whole chromosome 20 paint (WCP) and a 20q telomere probe established in all 14 cases that both chromosome 20 homologues were not involved in cryptic translocations (Figure 1e ). BSP for 20q11 and q13 regions were applied together to search for intrachromosomal rearrangements, which could have been missed by 24 colour karyotyping and WCP. Unequivocal interpretation of the BSP signals was only possible of mitotic figures with longer chromosomes (400 banding stage or above) obtained in 9/ 14 patients. Neither inv(20)(p11q13) as described in AML/MDS cases (6) nor any other aberrations were found (Figure 1f) . deletions of 20q (7). The fluorescence ratio (FR) profiles for each chromosome in every sample were within the threshold values (1.25 and 0.75) showing balanced diploid genomes (Figure 1g ). Only in two instances imbalances were identified: (a) for chromosome X, when test and reference DNAs were of opposite sexes and, (b) for chromosome 8, in the control PV patient BM sample that had trisomy of chromosome 8 by G banding in all dividing cells. The FR profiles also touched or crossed the thresholds at 1p36, 9q34, and 19p/q. FISH analysis using probes specific for a 1p36 locus (p58 gene, G-Biogene, UK), 9q34/qter subband region and chromosome 19 centromere (G-Biogene, UK) did not reveal any aberrations of these regions (results not shown).
In conclusion
The FISH screening of BM chromosome preparations from PV patients at presentation with apparently normal karyotype failed to detect cryptic aberrations within the 20q11.2/q13.1 region. Nevertheless, very small deletions could possibly have been missed by our approach because only approximately half of the 2.7 Mb CDR is represented by our PAC selection. This is unlikely as the remaining 50% of the region is gene poor (containing one gene not expressed in CD34-positive cells). It is also possible that our screening may have failed to detect an aberrant clone present at a low level. However, this also seems unlikely, because the analysis of 30 cells provides a 90% chance (95% confidence interval) of detecting an abnormal cell clone.
Similarly, a genome wide screen in these samples by colour karyotyping showed no cryptic intrachromosomal rearrangements. Since the application of the same M-FISH technique has identified a single chromosome band (on average being 10 Mbp) aberrations in CML cells, 8 it was concluded that such occult abnormalities are not present in studied samples. Nevertheless, the presence of inversions or very small telomeric translocations cannot be excluded. Screening with FISH probes specific for 20q telomeric region and with 20q BSP failed to detect any aberrations in all PV cases.
CGH was also used to search for aberrant nondiving clonal cell population(s) in the BM samples. No imbalances were detected by CGH. Again, there are limitations associated with CGH. These include firstly, 'small' deletions, that are detectable only if the size . CGH was conducted as before. 8 DNA from a PV patient with a trisomy 8 was used as a control sample (green). A green arrow indicates the trisomy 8 FR profile. Normal vs normal control FR profiles are in black. Threshold values are set at 0.75 and 1.25. Black arrow indicates over-representation of chromosome X in patients with a sex-mismatched reference DNA. FISH images were captured using an Axioplan 2 microscope (Zeiss), CCD camera (Orca, Hamamatsu, Japan), narrow bandpass filters (Chroma, USA) and SmartCapture 2 software (Digital Scientific Ltd, Cambs.). CGH and M-FISH images were analysed using Quips software (Applied Imaging Inc., USA). CGH FR profiles for each case were collated and compared using the Formatter program (Digital Scientific Ltd, Cambs).
of the affected regions are 5 Mbp or more, while extra copies of segments sized less than 3-5 Mb can be identified with ease and secondly, genomic changes can only be reliably detected if present in at least 40-60% of the sample. 8 New technologies such as genomic microarrays will enable more detailed and speedier genome screens in the future.
The genetic abnormalities in PV remain elusive; however, this study eliminates the possibility of a consistent small 20q deletion, a recurrent cryptic chromosome rearrangement or a genome imbalance, detectable by molecular cytogenetic techniques, as the cause of PV.
